A ge-related dementias are not only characterized by cognitive decline, but also by a range of noncognitive symptoms. Of these, disturbances of the sleep-wake rhythm have convincingly been demonstrated [1] [2] [3] [4] [5] [6] [7] [8] and are a major determinant of caregiver burden and, consequently, institutionalization. It is not fully understood, however, how the well-being of the patient is affected by sleep-wake rhythm disturbances.
Actigraphy is an objective and noninvasive method to estimate disturbances in human sleep-wake rhythms from rest-activity cycles measured in the field. The actigraph, a small and light device, is strapped onto the patient's wrist like a normal watch, and movements are recorded throughout the day and night without interfering with the patient's normal activities. Because the 24-hour activity profile resembles more a square wave than a sinusoid, and because activity data are not normally distributed, nonparametric statistical methods instead of parametric methods (such as cosinor analysis) have been developed to quantify and analyze the activity trace. These methods make no assumptions about the profile of data distribution. 9, 10 One of these methods 9 assumes that the rest-activity rhythm has a periodicity of 24 hours and that two distinct periods of activity are expected to be observed during the course of a single 24-hour period: a sleep and a wakefulness period. The method consists of calculating two indices. The first dichotomy index, a measure of the percentage of activity counts obtained when the patient was out of bed that was greater than the median activity count when in bed, can be considered to be a "wake-active index" and is abbreviated "WAI" in this article. Similarly, the second dichotomy index, a measure of the percentage of activity counts obtained when the patient was in bed that was less than the median activity count when out of bed, can be considered to be a "sleep-inactive index" and is abbreviated as "SII" in this article. A high value in either dichotomy index indicates a more marked rest-activity rhythm, i.e., an active major activity period and restful major sleep period. The former index is more affected by activity changes during the major active period, whereas the latter index is more influenced by activity during the major sleep period. The indices are ratios, thus correcting for possible confounding influences resulting from: unequal sensitivity of different actigraphs, differences between subjects or days of study in the exact placement of the device on the wrist, and the overall amount of activity of the subject. The method was applied for the first time to study the rest-activity rhythms of healthy subjects, a patient who experienced delayed sleep-phase insomnia, and of patients with metastatic colorectal cancer. 9 Both dichotomy indices were used, and results showed that a lower dichotomy between activity in bed and activity out of bed was present in patients compared with healthy subjects. In later studies, dichotomy indices were applied in a field study to assess the rest-activity rhythm of nurses on night work. The results obtained from the actigraphy record revealed that night work (when sleep occurred during the day) was associated with lower dichotomies between activity in bed and out of bed in comparison with values during control/ rest days (when sleep occurred during the night).
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Three other nonparametric variables have been proposed for quantification of the rest-activity rhythm: the interdaily stability (IS), the intradaily variability (IV), and the relative amplitude (RA). The first variable gives an indication of the stability of the rhythm from day to day, whereas the second gives an indication of the fragmentation of the rhythm, i.e., the frequency and extent of transitions between rest and activity. The third variable gives an indication of the amplitude of the rest-activity rhythm. 12 These calculations have often been applied to studies of the actigraphy record of patients who are demented. For example, it has been observed that the stability of the rest-activity rhythm increased in patients who are demented with intact vision after being exposed to bright light. 12 The aim of the present research was to investigate the association between different rest-activity parameters and disturbances in cognition, disease progress, competence to perform daily activities, mood, and social interactions in patients who are demented. Results will improve an understanding of the relationship between different rest-activity rhythm parameters and well-being in patients who are demented.
METHODS

Patients and Facilities
Eighty-seven women aged 85.5 Ϯ 5.9 years (mean Ϯ standard deviation) were studied while living in assisted care facilities at 12 different homes for the elderly in The Netherlands. Participants were mostly demented elderly. The clinical diagnosis of dementia was made according to Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria for dementia and dementia subtypes. 13 NINCDS-ADRDA criteria were used for the clinical diagnosis of probable Alzheimer disease.
14 Of the 87 patients, 57 (66%) met the NINCDS-ADRDA criteria for probable Alzheimer disease, 13 (15%) met DSM-IV criteria for vascular dementia, and 10 (11%) patients met criteria for other types of dementia. Five patients (6%) did not meet the criteria for dementia but stayed in the group care facility for diverse medical or psychosocial reasons. In two (2%) patients, data about the medical history were insufficient to make a reliable clinical diagnosis.
To investigate the possibility that sleep-wake rhythms were systematically affected by the environmental setting of the patient, all care facilities were rated on the Therapeutic Environment Screening Scale (TESS). 15 The TESS assesses the quality of nursing home environments for residents with dementia and includes questions about the general conditions of the house such as noise, lighting, design, maintenance as well as questions about staff interactions with residents and residents' involvement in planned activities.
Procedure
Patients wore an actigraph (Actiwatch; Cambridge Neurotechnology, Cambridge, U.K.) for two weeks strapped onto their nondominant wrist. Activity was continuously recorded every minute while patients performed their habitual activities. The Actiwatch was not removed when a bath was taken. The use of a specially designed strap made it difficult for the patients to remove the actigraph themselves. In case this still happened, the lost period was excluded from analysis. On average, valid data were available for 13.0 days Ϯ 9 hours (mean Ϯ standard error of mean).
The following questionnaires were administered by the caregivers and neuropsychologic assessments made by them to obtain the cognitive, functional, behavioral, and emotional state of the patients, all of which are thought to contribute to the overall sense of well-being.
Cognitive deficits were measured using the Mini-
Mental State Examination Test (MMSE) 16 ; the higher the score, the less impaired the patient's cognitive functioning. The MMSE focuses on cognitive decline and is obtained by direct questioning of the patient by a neuropsychologist; 2. Functional impairment was assessed using the Functional Assessment Staging Scale (FAST).
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The FAST separates the progressive deterioration of functional abilities into 16 stages; the higher the score, the more functional impairments the patient experiences. The FAST scores disease progression on the assumption of a monotonously increasing number of typical disabilities; 3. Ability to perform daily activities was measured with the Nurse Informant Index of Activities of Daily Living (NI-ADL). 18, 19 The NI-ADL is an adaptation of the Katz Index of Independence in Activities of Daily Living optimized to obtain quantitative answers from nurse observants; the higher the score, the higher the level of disability. The NI-ADL focuses on impairments of activities of daily living and is obtained through a questionnaire, i.e., indirect observations by caregivers; 4. Mood was assessed using the Cornell Scale for Depression in Dementia (CSDD) 20 ; the higher the score, the more symptoms of depression are present, and those that are present are more severe; and 5. Social interactions were evaluated using subscale V of the Multidimensional Observation Scale for Elderly Subjects (MOSES). 21 The subscale consists of closed questions to quantify observations carried out in the preceding period on isolation and withdrawal behavior; a high score indicates a more severe lack of social interactions.
Data Reduction and Statistical Analyses
To calculate dichotomy indices (WAI; SII), the hours of retiring and rising were determined for each 24-hour section by visual inspection of the data. Day 1 was defined as the day when patients started to wear the actigraph, and the starting time for each 24-hour section varied between 12:00 pm and 6:00 pm. The average dichotomy indices over all 24-hour sections were calculated for each patient.
Interdaily stability, IV, and RA were calculated from the activity profiles as follows.
IS: First, activity recording was aggregated in
hourly bins counting the number of minutes containing any activity. Second, an average 24-hour activity profile was calculated by averaging each corresponding hour of all recorded days. IS is then calculated as the ratio between the variance of the average 24-hour pattern around the mean and the overall variance of the complete series of individual hourly averages. This yields a value between 0 and 1; the higher the value, the more predictable the subsequent daily 24-hour patterns. 2. IV: First, differences between successive hourly counts of minutes containing any activity were calculated and subsequently the variance over all these difference scores. IV is then calculated as the ratio of this variance of first derivatives and the overall variance of the complete series of individual hourly averages. The higher IV, the larger and/or more numerous the transitions between rest and activity states. 3. RA: An average 24-hour profile on the minute-byminute presence or absence of any activity was first calculated. Subsequently, average number of minutes with activity was calculated over two separate windows moving with one-minute steps through the 1,440 (circular) 1-minute averages. One moving window was applied to determine the lowest mean activity during any stretch of five continuous hours (L5) and another to determine the highest mean activity during any stretch of 10 continuous hours (M10). The relative amplitude RA was calculated as the difference between M10 and L5 divided by the sum of M10 and L5. This yields a value between 0 and 1; the higher the value, the larger was the difference between the major periods of rest and of activity.
To focus on activity levels in bed and out of bed, the 50th percentile (median) of activity counts in bed (Sp50) and the 50th percentile (median) of activity counts out of bed (Wa50) were identified for each 24-hour period and the averages over all 24-hour sections were determined for each individual. High values for Sp50 indicate restless sleep, and low values for Wa50 indicate inactivity during the time awake. The measures L5 and M10, defined previously, were also used to study in more detail activity during the sleep and wake periods, respectively. The primary differences between L5/M10 and Sp50/ Wa50 are that the former reflect the periods of least or most average activity limited to five-or 10-hour periods, whereas the latter quantify the median level of activity during the whole nocturnal and diurnal periods. Kolmogorov-Smirnov test indicated significant deviations from a normal distribution in L5, Sp50, Wa50, SII, and FAST and a trend for nonnormality in the CSDD. To allow for partial correlations and multiple stepwise regressions, and to keep analyses uniform, all variables were normalized using the Blom transformation (SPSS 10; SPSS Inc., Chicago, IL). Thus, normalized variables were used to quantify the associations (Pearson correlation, partial correlation, stepwise regression) between the restactivity parameters and the variables obtained from the questionnaires and neuropsychologic assessments administered by the caregivers. Significance levels were set at p Յ0.05.
RESULTS
Examples of a very well-maintained and very disturbed rest-activity are shown in Figure 1 . Table 1 shows the uncorrected correlations of the normalized parameters. As for cognitive status, a higher level of cognitive functioning (MMSE) was associated with a more stable (IS) rest-activity rhythm. As for functional status, a more advanced functional impairment (FAST) and more difficulties in performing daily activities (NI-ADL) were associated with a more fragmented, less stable rest-activity rhythm (WAI,SII, IS, IV, RA) and with less daytime activity (Wa50, M10). A more advanced functional impairment was furthermore associated with lower amplitude (RA). As for mood and social interaction, a higher number and severity of depressive symptoms (CSDD) was associated with a more fragmented, less stable, and lower amplitude rest-activity rhythm (WAI, SII, IS, IV, RA), less daytime activity (M10), and more nocturnal activity (Sp50). More severe social isolation was also associated with more fragmented, less stable, and lower amplitude restactivity rhythm (WAI, SII, IS, IV, RA) as well as with less daytime activity (Wa50, M10).
To investigate whether disease progression underlie the rather uniform findings, partial correla-tions were calculated taking out the common contribution of the MMSE. The results, shown in Table 2 , differ only marginally from the uncorrected correlations in Table 1 , indicating that the relationships remain after correcting for the level of MMSE. Furthermore, given collinearity between some of the different sleep-wake rhythm parameters, stepwise regression analyses were run to obtain the rest-activity rhythm parameter(s) that were most strongly associated with the cognitive, functional, and mood parameters. The results, shown in Table 3 and Figure 2 , show that worse scores on the MMSE and CSDD are most strongly related to a loss of day-to-day stability of the rhythm (IS), whereas social isolation (MOSES), functional impairment (FAST), and impairment of activities of daily living (NI-ADL) are most strongly related to a loss of daytime activity (Wa50). More severe functional impairment (FAST) and social isolation (MOSES) were secondarily related to increased nocturnal restlessness (L5). The cognitive, functional, behavioral, and emotional states of the patients, as measured with the scales used in the present study, were thus only secondarily associated with nocturnal restlessness per se and more strongly so with the daytime activity level and day-to-day stability in activity patterns.
No significant correlation was present of the environmental quality (TESS) with any of the sleep-wake rhythm parameters (average absolute r ϭ 0.07, average pϭ0.59). Analyses of variance indicated no systematic differences of sleep-wake rhythm parameters in relation to the different diagnoses (average Fϭ0.65, average pϭ0.71). 
DISCUSSION
The major finding of the present study is a strong association of the activity profile with many aspects of functioning and well-being in demented elderly. In particular, the results indicate that primarily the 24-hour pattern of the rest-activity rhythm and the median daytime activity level, and secondarily the nocturnal restlessness, are the parameters most strongly associated with most functional domains that contribute to well-being in demented elderly patients.
The present study furthermore suggests those parameters that better describe the rest-activity rhythm disturbance in the patients studied. Limitations of function, of activities of daily living, and of social interaction, as measured with the FAST, NI-ADL, and MOSES, respectively, are best reflected in a low Wa50, i.e., a low median daytime activity level. Nocturnal restlessness, quantified as the activity level in the most restful 5-hour period in the average activity profile, increases in parallel to the progression of functional impairments and social isolation (FAST and MOSES; Table 3 ). Depressive symptoms (CSDD) and cognitive decline (MMSE) are especially associated with a decrease in the day-to-day stability (IS) of the rest-activity rhythm. IS has previously been shown to enable a sensitive quantification of the rest-activity rhythm disturbances typical of dementia and of the effect on the rest-activity rhythm of light therapy. 4, 10, 22 Of note, a decrease in IS is not merely associated with increasing age, which rather affects fragmentation, nocturnal activity, and the amplitude of the rhythm. 23 Also, the relations are not merely reflecting a generalized worsening resulting from disease progression as indicated by the partial correlation analyses. Studies in different cohorts of patients support the importance of a pronounced day-night rhythm. In patients with metastatic colorectal cancer, a marked rest-activity rhythm was associated with a better global quality of life, particularly with better physical and social functioning, lower fatigue and appetite loss, less constipation and pain, and decreased intensity and frequency of symptoms of depression. 24, 25 In summary, our results indicate that the restactivity rhythm is associated with a number of indirect indicators of the well-being of demented elderly. Our correlational study does not allow for conclusions on causal directions between rest-activity rhythms. Neither can it be deduced from the present results if a poor circadian patterning of the periods of rest and activity is the result of a decreased functionality of the circadian timing system, including the suprachiasmatic nucleus, the biologic clock of the brain. The rest-activity rhythm has a strong exogenous component, because it is masked by environmental demands on behavior, and therefore it is less useful as a marker of the underlying circadian timing system. However, even if the disturbed activity patterns were caused wholly by factors other than changes in the circadian timing system itself, these disturbances would still affect this system. There is convincing evidence from both animal and human studies that both the level and the distribution of activity provide input to the circadian timing system. 22,26 -29 An irregular day-to-day activity profile may thus provide suboptimal, and possibly detrimental, input to the circadian timing system. This contention is supported by primate studies. 30 These results have important implications for other research on circadian rhythm disturbances in disease. Often, the focus has been on the amplitude and phase of the rhythms. Quantifying the median diurnal activity and particularly the repeatability of the activity record provides complementary information about the rest-activity changes associated with dementia. These variables may also be of value to
